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Abstract 
A feasible scheduling strategy of AGC capacity has been proposed. A mathematical model of AGC operating 
expense is built firstly, which include fuel costs that are incurred when units are operating on basic point, capacity 
costs that are associated with AGC capacity reserved, and the AGC adjustment costs of units. Then, based on the 
model, we construct the Lagrangian function and deduce the shadow prices of AGC electricity of scheduled units and 
the equilibrium of the shadow prices. Last, a feasible scheduling strategy of AGC capacity is designed. The numerical 
experiment indicates that the strategy can allocate real-time scheduled AGC electricity fairly and reasonably, which 
can ensure the system perform reliably and securely, and be economical simultaneously. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology. 
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1. Introduction 
As a means of maintaining the real-time balance between supply and demand in power system, 
automatic generation control (AGC) is one of ancillary services in electricity market. These services are 
necessary to maintain reliable operation of the interconnected transmission systems, and supplied by 
power generation enterprises, power transmission corporations and electricity customers. The units 
equipped with AGC equipment in power generation enterprises are the main providers of AGC. The 
specific actions of units aren’t considered when they are installed, because the same equipment can serve 
different purposes according to different demands. An AGC unit can provide both power and ancillary 
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services, such as AGC capacity and electricity. The AGC electricity needs be scheduled in real time, so 
AGC units must reserve AGC capacity and operate on the base points, which will be adjusted in the real-
time schedule. The base points of AGC units are set as the centre of the regulation area, which is 
convenient for the regulation of units.  
In power market, units have opportunity to make electricity by making price bids which can realize fair 
competition among them. But the adjustable spheres and offers of different sizes or characteristics of 
AGC units are very different. It is hypothetical that the market mode studied is power exchange(PX), 
which means that all bidding AGC units belonged to a PX will submit their adjustable spheres and offers 
to the PX, and the PX will arrange the units’ offers in ascending order and determine the AGC capacity of 
units selected after the constraints are considered. When the power system has the needs of AGC power, 
the total AGC cost will be minimum if the AGC power of selected units can be determined reasonably by 
ISO. It can ensure the system perform reliably and securely, and be economical simultaneously. 
There are many researches on the scheduling strategy of AGC capacity, and such researches can be 
divided into two sorts[1], one is that an optimum method is used to solve the joint optimization of the 
power market and the AGC market, and a scheduling strategy of AGC capacity can be gat. In [2], an 
improved priority is used to determine unit commitment, on this basis, selected units bid for energy and 
ancillary services based on an original dual method, which will decrease the procurement costs. The other 
is that based on the balance between supply and demand, the AGC scheduling scheme is chosen according 
to different optimization objective functions. Such as [3], analyses and discusses how to use the electricity 
rates lever to control frequency based on the theory of spot price. Aiming at the minimal opportunity cost, 
the rational power output ranges of generation companies are determined firstly, and then bids and 
electricity are determined using the probability method in [4]. 
Based on the analyses of AGC costs, the objective function of ensuring the system move economy and 
safe is established, and an optimal scheduling strategy of AGC capacity is designed in the paper when the 
selected capacity of AGC units which bids for accessing to power network is determined. The numerical 
experiment indicates that the strategy is efficient and easy to perform. 
2. The Mathematics Modeling of AGC Costs 
The essence of AGC power is the output of units, but the AGC needs are stochastic and the scheduling 
of AGC is real-time. So, units which are operating can supply AGC power and the operating point often 
is called the basic point. In order to supply AGC service successfully, units must advance reserve AGC 
capacity(including up-regulation and down-regulation). The AGC adjustment costs will be incurred when 
the AGC capacity is called. Therefore, the total costs of AGC power are composed of several parts: fuel 
costs that are incurred when units are operating on basic point, capacity costs that are associated with 
reserved AGC capacity, and the AGC adjustment costs of units. 
So, an objective function is established as 
  (1) 
where     is the amount of units belonged to the area studied,       is the pre-scheduling electricity when the      
   th unit is operating on the base point,     is the market clearing price,             is the up-regulation 
capacity costs which the regional dispatch centre pays to generating companies,    is the total reserved up-
regulation capacity in the market,          is the down-regulation capacity costs paid to generating 
companies,   is the total reserved down-regulation capacity in the market,   is the set of AGC units 
scheduled,         is the adjustment cost when the actual scheduled electricity of the  th scheduled unit 
is       .  The tie-line power and network loss are ignored. 
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A quadratic polynomial is is typically used to establish the relationship between generation output and 
its fuel cost. So, the same method is used to determine the expression          , but        may be negative, 
thus, the express is  
(2) 
Where ia ， ib ， ic are coefficients of the AGC adjustment cost function of the i th unit. 
The constraints are: 
When the AGC needs are up-regulation, 
                                                                                                                                                                      (3) 
Where     is the actual AGC demand of the power system. 
When the AGC needs are down-regulation, 
                                                                                                                                                                  (4) 
Where n is the amount of AGC units scheduled. 
The active power balance is 
(5) 
Where n is the amount of AGC units scheduled. 
According to the object function(1) and the constraints(3)-(5), the Lagrangian function is constructed 
as
(6) 
Then, (2) is taken to (6), and (6) is developed. 
                                                                                                                                                                      (7) 
3. A scheduling strategy of AGC capacity 
3.1. The shadow prices of AGC power of units scheduled 
(1) When      is the up-regulation,  
According to the definition of the shadow price, it is the change in optimum value of  the object 
function which is caused by the change in unit resource with other conditions unchanged. The shadow 
price of the up-regulation of the   th AGC unit scheduled is 
(8) 
2) When      is the down-regulation, 
Similarly, the shadow price of the down-regulation of the   th AGC unit scheduled is  
(9) 
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3.2. The equilibrium of the shadow prices of AGC power of units scheduled 
If      is the up-regulation, according to (8), we can get 
So,
It is supposed             ，which means the regulation of AGC units scheduled is just the system 
demands. Now 
That is, 
We define 
(10) 
is the equilibrium of the shadow prices of AGC up-regulation of units scheduled, which is the weighted 
average of     . 
Similarly, the equilibrium of the shadow prices of AGC down-regulation of units scheduled is defined 
as
3.3. A scheduling strategy of AGC capacity of units scheduled 
The scheduling strategy of AGC up-regulation is as follows: 
)ⅰ  If             , which means the AGC cost of the i th unit is small enough that its all reserved AGC up-
regulation +iA is scheduled. 
ⅱ) Then, according to (8), the shadow price of AGC up-regulation of the i th unit scheduled is 
(11) 
ⅲ) The hypothesis doesn’t always agree with the truth, so     is compared with     . 
If            , the assumption is true and the AGC up-regulation of the   th unit scheduled is              , 
which means the shadow price of AGC up-regulation of the  th unit scheduled is smaller than the 
equilibrium of the shadow prices of AGC up-regulation. Then all reserved AGC up-regulation of the   th 
unit is scheduled. 
Conversely, if            , then                     . The price ceiling of the actual regulation of the unit scheduled 
is now the equilibrium of the shadow prices of AGC up-regulation, which means that part of reserved up-
regulation of the  th unit is scheduled. In addition, the need to point out that if the computation result of      
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       is negative, it means the shadow price of the  th unit is much higher than the equilibrium of the 
shadow prices. Then the actual scheduled regulation of the unit is the difference between the demands of 
area regulation and the sum of regulation scheduled of all other units. 
The scheduling strategy of AGC down-regulation is similarly available. 
4. Case study 
It is supposed that there are four units in an area which will compete in energy market and ancillary 
service market, and each unit belongs to a generation company. The generation company  submits the 
quotation parameters {       } of AGC regulation cost, the quotation parameters     and    of AGC 
regulation capacity, the upper and lower limits of generation outputs     , and the output 
parameters{         }of units scheduled in Table1, according to issued market information. Where   is the 
difference between the system scheduling time and the response time of the   th unit.   is the response 
velocity of the   th unit. 
There are many dispatching modes of energy market and AGC market, among which sequential 
scheduling is chosen. That is, first on the basis of market needs and units’ offer, the energy market is 
cleared according to the price principle of ranging from expensive to inexpensive. Then in the light of the 
AGC needs, the AGC capacity of each AGC unit is determined when its base point has been set. In 
energy market, the scheduled output of each unit is given by      in Table1. The market clearing price 
is                            . 
In the investigated period, we set the pre-scheduling AGC needs of up-regulation and down-regulation,          
and   are 45MW. During the real-time scheduling, the actual loads are 40MW larger than the 
forecasting ones, so the system needs AGC up-regulation and the scheduled regulation is 40MW. 
Table 1. The regulation performance parameters of units 
Therefore, in the stage of pre-scheduling, from Table1, the up-regulation capacity quote of the unit 4 is 
lowest, and the unit is first chosen. According to the constraint conditions of the minimum reserved AGC 
up-regulation capacity                                     , the up-regulation supplied by the unit 4 is 9MW. 
According to                                           , the down-regulation supplied by the unit 4 is 9MW too. 
Similarly the up-regulation and down-regulation pre-scheduling capacity supplied by other units, and the 
order of being scheduled are shown in Table2. So it does seem that the marginal clearing prices of up- 
regulation and down-regulation capacity are                         and                        respectively. 
Unit
iDP , /MW ii v×τ /MW MWPP ii /},{ +iδ /( h/MW ⋅￥ ) −iδ /( h/MW ⋅￥ ) { ii b,a }
1 300 20 {310，,120} 250 100 {0.007,5.3} 
2 120 12 {140,82} 300 75 {0.017,2.4} 
3 200 16 {260,70} 200 150 {0.013,3.1} 
4 110 9 {145,95} 175 50 {0.010,3.6} 
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During the stage of being scheduling, we take                  , and depend on (10), the equilibrium of the 
shadow prices of AGC up-regulation is                            . 
Based on (11), the shadow prices of AGC up-regulation of each unit are                       ,                         ,       
                        and                       respectively. According to the scheduling strategy, the       is shown in 
Table2.
5. Conclusions 
AGC is an indispensable ancillary service, and it is a system of closed loop control from the 
cybernetics perspective, in which the controlled variable is active power of the AGC unit, AGC electricity. 
The control is a scheduling process which is on the order of minutes. AGC units must reserve AGC 
capacity in advance, so that they can supply AGC electricity in time. In the paper, fuel costs that are 
incurred when units are operating on basic point, capacity costs that are associated with AGC capacity 
reserved, and the AGC adjustment costs of units are considered. A mathematical model of AGC operating 
expense is built, based on which the shadow prices of AGC units scheduled and the equilibrium of the 
shadow prices are determined. We design a scheduling strategy of AGC capacity and take the equilibrium 
as the price ceiling of scheduled units. The numerical experiment indicates that the strategy is efficient 
and easy to perform. It can ensure the system perform reliably and securely, and be economical 
simultaneously. 
Table 2  The elected capacity and the order of the AGC units 
Unit MWAi /
+
MWAi /
− MWPi /Δ
1 10(3) 20(3) 6.0 
2 10(4) 12(2) 10.0 
3 16(2) 4(4) 15.0 
4 9(1) 9(1) 9.0 
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